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(57) ABSTRACT 

Compounds and the synthesis of compounds containing 
multiple precursor groups and alloWing the ef?cient synthe 
sis of highly functionaliZed oligonucleotides and oligomers 
are provided. Also, a branching unit that helps to further 
increase the density of functional groups on synthetic oli 
gonucleotides and oligomers is provided. 
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MULTIPLE METHOXYOXALAMIDO AND 
SUCCINIMIDO PRECURSORS FOR 

NUCLEOPHILIC ADDITION 

BACKGROUND OF THE INVENTION 

Oligonucleotides bearing different functional groups and 
other functional entities have become a commonplace tool in 
many diagnostic and therapeutic applications. Accordingly, 
a large number of nucleosidic and non-nucleosidic phos 
phoramidite derivatives for functionaliZation of synthetic 
oligonucleotides have been reported. HoWever, all these 
reagents, eXcept for a feW examples, alloW introduction of 
only one functional moiety per phosphoramidite unit. This 
limitation makes synthesis of highly functionaliZed oligo 
nucleotides someWhat problematic as a considerable number 
of incorporations may increase the overall yield of the 
functionaliZed oligonucleotide. 
A precursor strategy is a system by Which a single 

precursor is used to manufacture a variety of different 
products. The use of a precursor strategy is quite common in 
synthetic organic chemistry. As used herein, a precursor is a 
molecule capable of reacting With different compounds, 
such as modi?ers, to produce a number of different products. 
A precursor molecule comprises a core and one or more 
reactive moieties. The “core” is the part of the compound 
that does not generally change and the part that often, but not 
necessarily, possesses some speci?c properties critical for 
the desired application. Thus, the core is generally 
untouched upon reaction With a modi?er. 

A “reactive moiety” is a group that reacts in a highly 
effective, preferably quantitative, and speci?c manner With 
a particular modi?er to form a particular product or With a 
miXture of modi?ers to form a pool of products. If a core part 
of a precursor contains some functionalities that are also 
capable of reacting With the modi?er, during the reaction, 
these functionalities must be protected. 

A precursor strategy Will Work successfully only if some 
demands are ful?lled. These demands include the folloWing: 

1. If a precursor is a complex molecule and is prepared by 
multi-step synthesis, the precursor reactive moiety or 
moieties must be stable in all conditions used during 
the synthesis after its introduction. HoWever, this rule 
is not applicable if a reactive moiety is introduced at the 
very last step of the precursor synthesis. 

2. It is highly desirable for the yield of the reaction 
betWeen a precursor reactive moiety and a modi?er to 
be close to quantitative. This is especially important 
When the precursor contains more than one reactive 
moiety. 

3. The core part of a precursor must be stable in the 
conditions of transformation, that is, the conditions 
under Which the precursor reacts With a modi?er. 

4. One or more modi?ed sites, that is, parts of a product 
molecule that are formed after reaction betWeen a 
precursor reactive moiety and a modi?er, must tolerate 
the deprotection conditions if a deprotection step is 
necessary to prepare a desired product. 

5. It is desirable for the transformation time to be rela 
tively short. 

Oligonucleotides bearing various functionalities have 
become common place tools in molecular biology and 
diagnostics. Goodchild, J ., “Conjugates of Oligonucleotides 
and Modi?ed Oligonucleotides: A RevieW of Their Synthe 
sis and Properties,” Perspectives in Bioconjugate Chemistry, 
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2 
pp. 77—99 (1993). One of the most efficient routes to the 
synthesis of functionally modi?ed oligonucleotides (FMOs) 
is the introduction of a precursor, that is, a nucleotide 
monomer bearing a reactive moiety, into the oligonucle 
otide. At the end of solid phase synthesis, the precursor 
reacts With a desired linker or modi?er. This strategy enables 
one to synthesiZe a Wide variety of FMOs from a single 
parent oligonucleotide. 

MacMillan, A. and Verdine, G., “Engineering Tethered 
DNA Molecules by the Convertible Nucleoside Approach,” 
Tetrahedron, 47: 2603—2619 (1991), and FerenZ, A. and 
Verdine, G., “Aminolysis of 2‘-DeoXyinosine Aryl Ethers: 
Nucleoside Model Studies for the Synthesis of Functionally 
Tethered Oligonucleotides,” Nucleosides & Nucleotides, 11: 
1749—1763 (1992), have elaborated a convertible nucleoside 
strategy to prepare functionally tethered oligonucleotides 
(FTOs). This convergent strategy is based on the use of 
O-substituted deoXyuridine and deoXyinosine as convertible 
nucleosides. Upon treatment With aqueous amines, precur 
sor oligonucleotides containing convertible nucleosides 
undergoes a transformation giving rise to a FTO. 

Buhr et al., US. Pat. No. 5,466,786, described the incor 
poration of a 2‘-deoXy-2‘-O-(ethoXycarbonylmethyl) 
cytidine into an oligonucleotide. After solid phase synthesis 
and deprotection, the ester group, Which is a reactive moiety, 
can be hydrolyZed to a carboXy group by treatment With 
NaOH or derivatiZed to an amide or substituted amide by a 
reaction With NH3 or a primary aliphatic amine. 

Hebert et al., Tetrahedron Letters, 35: 9509—95 12 (1994), 
reported the N-acylation of a DMT 
hydroXymethylpyrrolidinol precursor With a number of car 
boXylic acids. N-substituted DMT 
hydroXymethylpyrrolidinols Were further phosphitilated and 
used for the preparation of phosphodiester oligomer com 
binatorial libraries. 
US. Pat. No. 5,902,879 to Polouchine, the entire disclo 

sure of Which is hereby incorporated by reference, discloses 
the addition of individual precursor moieties to nucleosides 
and nucleotides and compounds synthesiZed therefrom. US. 
patent application Ser. No. 09/655,317, ?led Sep. 5, 2000, 
the entire disclosure of Which is hereby incorporated by 
reference, discloses the addition of individual precursor 
moieties to non-nucleosides and non-nucleotides and com 
pounds synthesiZed therefrom. 

SUMMARY OF THE INVENTION 

The present invention provides for the synthesis of com 
pounds containing multiple precursor groups, such as meth 
oXyoXalamido (MOX), and alloWing the ef?cient synthesis 
of highly functionaliZed oligonucleotides and oligomers. 
Also, the present invention provides a branching unit that 
helps to further increase the density of functional groups on 
synthetic oligonucleotides and oligomers. The present 
invention also provides for compounds containing multiple 
precursor groups, such as methoXyoXalamido (MOX) pre 
cursor groups. 

The present invention provides a compound, or a salt 
thereof, having the formula (I): 

A—X” (I) 

Wherein A represents an organic moiety, n is at least 2, each 
X is independently selected from the group consisting of: 
—NRCOCONu, —NHCOCRZCRZCONu, 
—NHCOCR=CRCONu, —NHCOSSCONu, 
—NRCOCOOCR3, 



US 

0 O 

R R 
R 

—N > —N and 

R 
R R 

O O 
O 

)L, 
S 

0 

wherein each R independently represents H or a substituted 
or unsubstituted alkyl group, and Nu represents a nucleo 
phile. 

The present invention also provides a method for forming 
a compound, comprising: 

reacting, by nucleophilic addition, a ?rst compound con 
taining a ?rst moiety selected from the group consisting 

of: —NRCOCOOCR3, 

O O 

R R 
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—N > —N and 

R 
R R 

O 
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S 
—N | 
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0 

wherein each R independently represents H or a sub 
stituted or unsubstituted alkyl group, With a second 

compound (HNu) containing at least three primary or 
secondary amines to form a third compound containing 
a second moiety selected from the group consisting of: 

—NRCOCONu, —NHCOCRZCRZCONu, 
—NHCOCR=CRCONu, and —NHCOSSCONu, 
Wherein each R independently represents H or a sub 
stituted or unsubstituted alkyl group, Wherein one of 
the at least three primary or secondary amines of the 
second compound acts as a nucleophile in the nucleo 
philic addition, leaving at least tWo unreacted primary 
or secondary amines in the second moiety; 

reacting the third compound With at least tWo compounds, 
Which may be the same or different, each containing a 
third moiety independently selected from the group 
consisting of: —COCOOCR3, —COCR2CR2CO—, 
—COCR=CRCO— and —COSSCO—, Wherein each 
of the at least tWo compounds reacts With one of the at 
least tWo unreacted primary or secondary amines of the 
second moiety to form a compound containing at least 
tWo moieties independently selected from the group 
consisting of: —NRCOCOOCR3, 
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wherein each R independently represents H or a sub 
stituted or unsubstituted alkyl group. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a time course of tRNAPhe cleavage With 
oligonucleotide conjugates R2, having tWo imidaZole 
groups, (curve 1) and R4, having four imidaZole groups, 
(curve 2). 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention provides for compounds and the 
synthesis of compounds containing multiple precursor 
groups, such as methoXyoXalamido (MOX), providing effi 
cient synthesis of highly functionaliZed oligonucleotides and 
oligomers. Incorporating multiple precursor groups into one 
monomer or compound increases the efficiency at Which 
many reactions may be performed. Importantly, the density 
of functional groups may be increased by increasing the 
number of precursor groups on an individual compound, 
and/or Within a de?ned space. In this manner, the density of 
the functional groups is increased. Such an increase is 
important for some applications Where ef?ciency of action 
of a functionaliZed compound depends on the density and 
special arrangement of functional groups. 

For some applications, it is desirable to control electo 
phoretic mobility of an oligonucleotide or oligomer. One 
Way to do so is to introduce a bulky moiety onto the 5‘-end. 
Using multiple modi?ers, such as methoXyoXalamido, it is 
possible to introduce several desirable moieties, thus alloW 
ing better control of electophoretic mobility. Moieties hav 
ing particular desired charges may also be introduced to 
affect the mobility of an oligonucleotide or oligomer. Other 
moieties containing desired attributes, such as those bearing 
dyes, may also be incorporated. 

The present invention provides a monomeric compound, 
or a salt thereof, having the formula (I): 

A—X. (I) 

Wherein A represents an organic moiety, n is at least 2, each 
X is independently selected from the group consisting of: 
—NRCOCONu, —NHCOCRZCRZCONu, 
—NHCOCR=CRCONu, —NHCOSSCONu, 
—NRCOCOOCR3, 
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wherein each R independently represents H or a substituted 
or unsubstituted alkyl group, and Nu represents a nucleo 
phile. 

Nucleosides, nucleotides and modi?ed nucleosides and 
nucleotides may be used as organic moieties in the present 
invention. Non-nucleosides or non-nucleotides may also be 
used as organic moieties in the present invention. Suitable 
non-nucleosides or non-nucleotides of the present invention 
include, but are not limited to, a substituted or unsubstituted 
alkane, such as an alkane having from 3 to 100 carbon 
atoms, preferably from 3 to 20 carbon atoms and more 
preferably from 3 to 12 carbon atoms; a substituted or 
unsubstituted cycloalkane, such as a cycloalkane having 
from 3 to 12 carbon atoms in a cycle, preferably from 4 to 
8 carbon atoms in a cycle and more preferably from 5 to 6 
carbon atoms in a cycle; and a substituted or unsubstituted 
heterocyclic compound, such as a heterocyclic compound 
having from 3 to 20 carbon atoms in a cycle, preferably from 
3—14 carbon atoms in a cycle. The compound may be 
substituted With at least one substituent, such as substituents 
selected from the group consisting of a hydroXy group, a 
protected hydroXy group and a halogen. 

In an embodiment of the invention, the nucleophile is 
selected from the group consisting of —O‘, an amino group 
(—NHZ), a primary amino group (—NRH) and a secondary 
amino group (—NRZ). R may be a substituted or unsubsti 
tuted alkyl group. The alkyl group may preferably have from 
1 to 15, more preferably from 1 to 12, and even more 
preferably from 1 to 6 carbon atoms. 

In an embodiment of the invention, the organic moiety 
contains at least tWo hydroXy or protected hydroXy groups. 
In a “protected hydroXy group,” the H in the hydroXy group 
is replaced With a “protecting group.” A “protecting group” 
in this conteXt is a substituent that prevents or shields the 
reactivity of the —OH during a reaction, but that can be 
removed When the reaction is completed. In particular 
embodiments, a protecting group prevents a reaction to link 
sequential nucleosides or non-nucleosides. Typical protect 
ing groups in the compounds of the invention include 
4,4‘-dimethoXy trityl (DMT), 4-monomethoXytrityl and tri 
tyl. 

In embodiments of the invention, the organic moiety 
contains at least one hydroXy or protected hydroXy group, 
particularly at least one hydroXy or protected hydroXy group 
at a secondary or tertiary carbon. In a preferred embodiment, 
the hydroXy or protected hydroXy group is at a secondary 
carbon. 

In embodiments, the organic moiety contains tWo 
hydroXy or protected hydroXy groups. In a preferred 
embodiment, one hydroXy or protected hydroXy group is at 
a secondary carbon and the other hydroXy or protected 
hydroXy group is at a primary carbon. 
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In another embodiment of the invention, for eXample 

Where the organic moiety Will be a terminus or end unit in 
an oligonucleotide or oligomer, the organic moiety contains 
one hydroXy or protected hydroXy group. 

An organic moiety may be phosphitilated at a secondary 
or tertiary hydroXy group, particularly to add a phosphora 
midite thereto. In particular, the hydroXy group at a second 
ary carbon may be phosphitilated. In embodiments Where 
there are tWo hydroXy groups, the other hydroXy group may 
be protected by a protecting group so that only one hydroXy 
group is phosphitilated. 

Phosphitilation at a secondary or tertiary hydroXy group 
provides for increased stability. HoWever, phosphitilation at 
a secondary hydroXy group is particularly preferred because, 
With phosphitilation at a tertiary hydroXy group, steric 
hindrance problems may be introduced that counteract the 
increase in stability. 

Phosphoramidite compounds With a phosphoramidite 
group at a secondary or tertiary carbon of the organic moiety 
are preferable. Such an orientation increases the stability of 
the compound. In such compounds, degradation after storing 
at —20° C. may be prevented for 3—6 months, 1 year, 3 years 
or more. In addition, in embodiments, the phosphoramidite 
compounds may be in solid form. Solid phosphoramidite 
compounds generally shoW increased stability over phos 
phoramidite compounds in oil form. 

Compounds of the present invention that contain at least 
one hydroXy group can undergo reactions that link the 
hydroXy groups. In an embodiment of the invention, phos 
phodiester linkages betWeen the monomers may be formed 
by phosphitilation techniques knoWn in the art. 

KnoWn phosphitilation techniques may be used to form 
phosphodiester linkages betWeen the monomer and other 
organic moieties, Which may or may not be a monomer of 
the present invention, such that oligonucleotides, oligomers, 
polynucleotides or polymers can be formed. 

In a preferred embodiment of the invention, oligonucle 
otides or oligomers are formed using a phosphoramidite 
method. In a further preferred embodiment of the invention, 
a double mode coupling protocol is used. A double mode 
coupling protocol means that there are tWo consecutive 
coupling steps, With only Washing in betWeen the coupling 
steps. In contrast, in the standard phosphoramidite method, 
capping occurs betWeen each coupling reaction. 

In an embodiment of the present invention, the present 
invention is directed to a compound having the folloWing 
formula: 

XO B 

XO 
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wherein each X independently represents H, a group that 
protects a hydroXy group, a phosphorus containing group, 
such as a (PO3)m_2 group Where m is an integer of 1—3, a 
group reactive to link hydroXy groups, or a phosphodiester 
linkage to another compound, B is a nitrogenous base, and 
R‘ contains at least tWo functional groups selected from the 
group consisting of —NRCOCONu, 
—NHCOCRZCRZCONu, —NHCOCR=CRCONu, 
—NHCOSSCONu, —NRCOCOOCR3, 

O O 10 

R R 
R 

— N > — N and 

R 

R R 15 

O O 

O 20 

)LS 
—N | 

S 

25 
O 

—O U 

O; 
OH NHCOCOOCH4 

8 
proton or a cation to form an acid or salt. For eXample, the 

present invention is directed to compounds having the 
folloWing moieties: —OH, —NH;, —NRH2+, —NR2H+ 
and —OX, Where X is a cation. 

Suitable reactive groups, such as methoXyoXalamido and 
N-succinimido moieties, can act as reactive moieties in a 

precursor strategy if designed as a part of a precursor 
molecule. In particular, they have potential as a precursor for 
the post synthetic introduction of various effectors onto an 
oligonucleotide or oligomer molecule. HoWever, the inven 
tion is not limited to these embodiments. 

In a methoXyoXalamido moiety, the ester carbonyl carbon 
of the methoXyoXalyl residue is highly electrophilic due to 
electron WithdraWing effects of the adjacent methoXy and 
carbonyl groups. Thus, the attack of nucleophiles onto this 
electrophilic center occurs very quickly and efficiently. In 
fact, it is close to quantitative in minutes or less. This Was 
demonstrated by reaction of 5‘-dimethoXytrityl-2‘ 
methoXyoXalamido-2‘-deoXyuridine With ethanolamine, 
aqueous ammonia and the acetonitrile solution of 1,8 
diaZabicyclo[5,4,0]undec-7-ene in the presence of Water 

(DBUH+OH_). 

DBUHJrlOH- Wiaq) 
DMT—O U 

O 

OH NHCOCOO' 

Wherein each R independently represents H or a substituted 
or unsubstituted alkyl group, and Nu represents a nucleo 
phile. 

A“group reactive to link hydroXy groups” is an interme 
diate residue in the formation of a link, particularly an 
internucleotide link, betWeen hydroXy groups, particularly 
the 5‘ and 3‘ hydroXyls. The group is typically a phosphorus 
containing group, such as a phosphoramidite group. The 
reaction of the group With a —OH of an adjacent monomer 
results in a linking residue, particularly a nucleotide linking 
residue. The linking residue may be any linking moiety 
conventionally used to conjugate hydroXy groups of adja 
cent monomers, particularly, to conjugate nucleotide resi 
dues. 

The present invention is also directed to conjugate acids 
and salts of the compounds of the present invention. In 
particular, the nucleophilic groups may be bonded to a 

50 

55 

65 

DMT—O U 

NHZCHZCHZOH O 
—> 

OH NHCOCONHCHZCHZOH 

DMT—O U 
0 

OH NHCOCONHZ 

The methoXyoXalamidoalkyl moiety, if designed as part 
of an oligonucleotide or oligomer molecule, is a convenient 
site for the introduction of various functional additives. 
Thus, a desirable modi?er, particularly if it contains an 
aliphatic amino group, may easily derivatiZe a methoXyoX 
alamido precursor at a methoXyoXalyl site to afford the 
corresponding conjugate via a stable alkylamidooXalami 
doalkyl bridge (alkyl-NHCOCONH-alkyl). 

In the methoXyoXalamido moiety, any of the hydrogen 
atoms may be substituted With an alkyl radical 
(NRCOCOOCR3, R=alkyl). The alkyl group may be sub 
stituted or unsubstituted. Preferably, the alkyl group contains 
1—12, more preferably 1—6, carbon atoms. 

In a N-succinimido moiety, both carbonyl carbons of the 
N-succinimide moiety are equally highly electrophilic due to 
electron WithdraWing effects of the carbonyl groups. The 
nucleophilic cycle opening, that is, the attack of a nucleo 
phile onto one of the carbonyl carbons, proceeds very 
rapidly, usually Within seconds, and in a quantitative yield. 
On the other hand, the amidoethyleneamido bridge 
(—NHCOCH2CH2CONH—), Which is formed betWeen the 
modi?er and the precursor core, is stable both toWards bases 
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and acids. Thus, the product can be easily puri?ed. Similar 
moieties that may be used in the described strategy include: 
substituted N-succinimido moieties, N-maleimido moieties, 
substituted N-maleimido moieties, and N-dithiasuccinimido 
moieties. The R groups each independently represent a 
substituted or unsubstituted alkyl group. Preferably, the 
alkyl group contains 1—12, more preferably 1—6, carbon 
atoms. 

The present invention also provides a compound, or a salt 

thereof, having the formula (I): 

Wherein Arepresents an organic moiety, n is at least 2, each 
X is independently selected from the group consisting of: 

—NRCOCONu, —NHCOCRZCRZCONu, 
—NHCOCR=CRCONu, —NHCOSSCONu, 
—NRCOCOOCR3, 

and 

Wherein each R independently represents H or a substituted 
or unsubstituted alkyl group, and Nu represents a 
nucleophile, and Wherein the ratio of n to overall Weight 
average molecular Weight of the compound is from 1:100 to 
1:500. 

Precursor groups may be in various multiple quantities 
such as 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more. Precursor 
groups may be expressed as a ratio of number of precursor 
groups per overall molecular Weight of the compound, such 
as 1 precursor group per 100 to 850 molecular Weight 
(Weight average molecular Weight) of ?nal compound, pref 
erably 1 precursor group per 100 to 650 molecular Weight of 
?nal compound, and more preferably 1 precursor group per 
100 to 500 molecular Weight of ?nal compound, and even 
more preferably 1 precursor group per 200 to 450 molecular 
Weight of ?nal compound. 

The present invention also provides methods for forming 
compounds according to the present invention, comprising: 

reacting a ?rst compound containing at least tWo primary 
or secondary amino groups With at least a second and 
third compound, the second compound containing a 
second moiety and the third compound containing a 
third moiety, the second and third moiety each inde 
pendently selected from the group consisting of: 
—COCOOCR3, —COCR2CR2CO—, 
—COCR=CRCO— and —COSSCO— to form a 

fourth compound containing at least a fourth and ?fth 
moiety, each selected from the group consisting of: 
—NRCOCOOCR3, 
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wherein each R independently represents H or a sub 
stituted or unsubstituted alkyl group. 

The present invention also provides a method for forming 
a compound With at least tWo moieties, comprising: 

reacting, by nucleophilic addition, a ?rst compound con 
taining a ?rst moiety selected from the group consisting 

of: —NRCOCOOCR3, 

and 

Wherein each R independently represents H or a sub 
stituted or unsubstituted alkyl group, With a second 
compound (HNu) containing at least three primary or 
secondary amino groups to form a third compound 
containing a second moiety selected from the group 
consisting of: —NRCOCONu, 
—NHCOCRZCRZCONu, —NHCOCR=CRCONu, 
and —NHCOSSCONu, Wherein each R independently 
represents H or a substituted or unsubstituted alkyl 
group, Wherein one of the at least three primary or 

secondary amino groups of the second compound acts 
as a nucleophile in the nucleophilic addition, leaving at 
least tWo unreacted primary or secondary amino groups 
in the second moiety; 

reacting the third compound With at least tWo compounds, 
Which may be the same or different, each containing a 
third moiety independently selected from the group 
consisting of: —COCOOCR3, —COCR2CR2CO—, 
—COCR=CRCO— and —COSSCO—, Wherein each 
of the at least tWo compounds reacts With one of the at 

least tWo unreacted primary or secondary amino groups 
to form a compound containing at least tWo moieties 
independently selected from the group consisting of: 
—NRCOCOOCR3, 
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wherein each R independently represents H or a sub 
stituted or unsubstituted alkyl group. 

In the various moieties, each R independently represents 
H or a substituted or unsubstituted alkyl group. In embodi 
ments of the invention Where the R is a substituted or 
unsubstituted alkyl group, the alkyl group may contain from 
1 to 15, preferably from 1 to 12, and more preferably from 
1 to 6 carbon atoms. 

In an embodiment of the invention, the ?rst compound is 
a nucleoside or nucleotide that has been modi?ed to add the 
?rst moiety. In a preferred embodiment of the invention, the 
moiety is attached to a carbon atom of a ribose or deoXyri 
bose sugar of a nucleoside or nucleotide. In a further 
preferred embodiment, the moiety is attached to the 2‘ 
position of a sugar. 

The second compound contains at least three primary or 
secondary amino groups. The second compound may be any 
compound containing at least three amino groups as long as 
each amino group is susceptible to reaction With the ?rst 
compound. In an embodiment of the invention, each amino 
group is a primary amino group. In a preferred embodiment 
of the invention, the carbon attached to each amino group is 
an aliphatic carbon. In a particular embodiment, the second 
compound is symmetrical. HoWever, in other embodiments, 
the second compound may be unsymmetrical. 

According to the method of the invention, the third 
compound is reacted With at least tWo compounds, Which 
may be the same or different, each containing a third moiety 
independently selected from the group consisting of: 
—COCOOCR3, —COCR2CR2CO—, —COCR=CRCO— 
and —COSSCO—. Thus, the third compound may be 
reacted With multiple compounds, each having the same 
moiety selected from the group consisting of: 
—COCOOCR3,—COCR2CR2CO—, —COCR=CRCO— 
and —COSSCO—, or the third compound may be reacted 
With multiple compounds having different and varying com 
binations of such moieties. The third compound may be 
reacted With compounds having single or multiple moieties 
selected from the group consisting of: —COCOOCR3,— 
COCR2CR2CO—, —COCR=CRCO— and 
—COSSCO—. 

In the at least tWo compounds that are reacted With the 
third compound, the group or groups attached to the third 
moieties can be any group as long as the carbon atom 
attached to that group can be made to react With the amino 
group of the second compound. In particular, a strong 
nucleophile may be attached to the moiety. Astrong nucleo 
phile includes a methoXy group or a group that is a stronger 
nucleophile than a methoXy group. For example, chlorine 
and/or tetraZole may be attached to the moiety. 
Where the third moiety is —COCOOCR3, the group 

attached to the moiety may be identical to or a stronger 
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nucleophile than the —OCR3 group of the moiety. Thus, 
Where each R in the moiety is a H, the group attached to the 
moiety may be a methoXy group or a group that is a stronger 
nucleophile than a methoXy group. Therefore, Where the 
—OCR3 group of the moiety is a Weaker nucleophile than a 
methoXy group, the group attached to the moiety may be a 
Weaker nucleophile than methoXy as long as it identical to or 
a stronger nucleophile than the —O CR3 group in the moiety. 
A compound containing at least tWo moieties, such as 

described in the above method, may be phosphitilated at a 
secondary or tertiary hydroXy group, particularly to add a 
phosphoramidite thereto. In particular, the hydroXy group at 
a secondary carbon may be phosphitilated. In embodiments 
Where there are tWo hydroXy groups, the other hydroXy 
group may be protected by a protecting group so that only 
one hydroXy group is phosphitilated. 

Phosphitilation at a secondary or tertiary hydroXy group 
provides for increased stability. HoWever, phosphitilation at 
a secondary hydroXy group is particularly preferred because, 
With phosphitilation at a tertiary hydroXy group, steric 
hindrance problems may be introduced that counteract the 
increase in stability. 

Phosphoramidite compounds With a phosphoramidite 
group at a secondary or tertiary carbon are preferable. Such 
an orientation increases the stability of the compound. In 
such compounds, degradation after storing at —20° C. may 
be prevented for 3—6 months, 1 year, 3 years or more. In 
addition, in embodiments, the phosphoramidite compounds 
may be in solid form. Solid phosphoramidite compounds 
generally shoW increased stability over phosphoramidite 
compounds in oil form. 
Monomeric compounds that contain at least tWo hydroXy 

or protected hydroXy groups can undergo polymeriZation 
reactions that link the hydroXy groups. In an embodiment of 
the invention, phosphodiester linkages betWeen the mono 
meric compounds may be formed by phosphitilation tech 
niques knoWn in the art. 

In an embodiment of the invention, the ?rst monomeric 
compound is a nucleoside or nucleotide. KnoWn phosphiti 
lation techniques may be used to form phosphodiester 
linkages betWeen the monomeric compound and other 
organic moieties, Which may or may not be a monomeric 
compound of the present invention, such that 
oligonucleotides, oligomers, polynucleotides or polymers 
can be formed. 

In a preferred embodiment of the invention, oligonucle 
otides or oligomers are formed using a phosphoramidite 
method. In a further preferred embodiment of the invention, 
a double mode coupling protocol is used. A double mode 
coupling protocol means that there are tWo consecutive 
coupling steps, With only Washing in betWeen the coupling 
steps. In contrast, in the standard phosphoramidite method, 
capping occurs betWeen each coupling reaction. 
A number of terminus modi?ers suitable for single and 

multiple functionaliZation of synthetic oligonucleotides and 
oligomers may also be synthesiZed according to methods of 
the present invention. The approach to synthesis of the 
modi?ers is general and, thus, the practical issues, such as 
stability, solubility in CH3CN, ease of handling and avail 
ability of a starting material, may also be addressed. The 
novel modi?ers are heterobifunctional reagents, bearing, 
along With a phosphoramidite moiety, one or several pre 
cursor gorups, such as methoXyoXalamido groups. These 
groups serve as precursor groups for post-synthetic deriva 
tiZation With an appropriate amine, preferably a primary 
amine. The synthesiZed modi?ers may be successively used 
in the preparation of different oligonucleotides, such as 
5‘-modi?ed oligonucleotides, and oligomers. The derivati 
Zation strategy alloWs manufacture of a vast number of 
functionaliZed oligonucleotides or oligomers from the same 
precursor oligonucleotide or oligomer. 

MethoXyoXalamido and N-succinimido oligonucleotide 
and oligomer precursors can be synthesiZed from mono 
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meric compounds by, for example, phosphoramidite solid 
phase synthesis. Being treated With a nucleophile, these 
precursors, as Well as the other precursors taught herein, 
may produce corresponding modi?ed oligonucleotides or 
oligomers. A broad range of modi?ed oligonucleotides or 
oligomers can be prepared from a single methoXyoXalamido 
or N-succinimido oligonucleotide or oligomer precursor. 

If a precursor oligonucleotide or oligomer is treated With 
miXtures of different nucleophiles, modi?ed oligonucleotide 
or oligomer combinatorial libraries can be created. These 
combinatorial libraries should be useful for many 
applications, for instance, for the search of poWerful 
antisense/antigene drugs. This is particularly important 
because of the instability of natural oligonucleotides toWards 
enZymes, such as nucleases. Backbone modi?ed 
(phosphorothioates, methyl-phosphonates, etc.) modi?ed 
oligonucleotides or oligomers and their combinatorial librar 
ies can also be prepared by the described strategy. 

Further modi?ed polynucleotides or polymers can be 
obtained using methoXyoXalamido, N-succinimido and the 
other precursors taught herein. 

Other uses of compounds of the present invention, such as 
for gene sequencing applications, are described in US. 
patent application Ser. No. 09/655,804, ?led Sep. 5, 2000, 
the entire disclosure of Which is hereby incorporated by 
reference. 

MethoXyoXalamido and N-succinimido moieties may also 
be part of different diol systems. Being DMT-protected at 
one hydroXy and phosphitilated at another, such synthons 
can be used in, for eXample, phosphoramidite solid-phase 

CH3OCOCONH 

N 
\/\ NHCOCONH 

CH3OCOCONH 

CH3OCOCONH 

N 
\/\ NHCOCONH 
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CH3OCOCONH 

CH3OCOCONH 

10 

15 

20 

25 

NCCHZCHZO/ 

14 
synthesis to produce non-nucleoside oligomer precursors. 
These precursors Will produce, upon treatment With an 
appropriate nucleophile, non-nucleoside phosphodiester oli 
gomers or polymers, or, upon treatment With miXtures of 
different nucleophiles, non-nucleoside phosphodiester oli 
gomer or polymer combinatorial libraries. Backbone modi 
?ed (phosphorothioates, methylphosphonates, etc.) non 
nucleoside phosphodiester oligomers and their 
combinatorial libraries can also be prepared by the described 
strategy. Any organic monomer unit can be used to form 
oligomer and polymers by the process taught herein as long 
as the monomer units are diols and contain or can be 

modi?ed to contain a primary or secondary amine. 

Precursor non-nucleoside and non-nucleotide compounds 
and synthesis of such compounds and oligomers are 
described in Us. patent application Ser. No. 09/655, 
317, ?led Sep. 5, 2000, the entire disclosure of Which 
is hereby incorporated by reference. 

EXAMPLES 

Example 1 

Terminus modi?ers bearing tWo and four methoXyoXala 
mido groups may be prepared in a straightforWard manner 
from trans-4-aminocycloheXanol and 5‘-aminothymidine by 
iterative treatment With dimethyl oXalate and tris(2 
aminoethyl)amine folloWed by standard phosphitilation of a 
hydroXyl group. 

O. 
| NH 

O 

/ 
(iPr)2N 3 

| NH 

N 
\/\ NHCOCONH 

N 
N \/\ NHCOCONH 

CH3OCOCONH 
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All three phosphoramidite containing compounds are 
stable compounds and soluble in CH3CN— a common 

phosphoramidite solvent in automated oligonucleotide syn 
thesis. Reactivity, hoWever, differs considerably betWeen 
compounds containing double and quadruple MOX termi 
nators. Thus, at 1 pmol scale and With tetraZole as a catalyst, 

phosphoramidite containing compounds 1 and 2 effectively 
(>95%) couple in less than 3 minutes. While it takes about 
15 minutes to ensure the same coupling yield for a bulkier 

phosphoramidite, such as compound 3 (FW=1386). The 
coupling time for compound 3 might be reduced to 10 min 
if more acidic 5-ethylthio-1H-tetraZole is used instead of 
tetraZole. 

The methoXyoXalamido (MOX) moiety reacts very rap 
idly and virtually quantitatively With strong nucleophiles, 
such as primary aliphatic amines, Which attack the highly 
electrophilic ester carbonyl carbon. Thus, upon introduction 
on an oligonucleotide molecule, a MOX moiety serves as a 

convenient site for further derivitiZation With a desirable 

additive, assuming that this additive contains a primary 
amino group. Ef?ciency and simplicity of this universal 
approach of oligonucleotide tethering has already been 
demonstrated. Terminus modi?ers 1—3 Were designed to 

introduce tWo and four MOX groups per phosphoramidite 

unit, and hence, alloW multiple functionaliZation of a 5‘-end. 
Their effectiveness Was ?rst established by tethering a model 

10-mer oligothymidine (Table 1, entries 1—4). 

10 

15 

25 

35 

TABLE 1 

Yi 

eld, 
Modi- % 

Oligo- fying Second (by MW3 MW 
Entry nucleotide Units Modi?er CGE) (expen) (calc.) 

1 (Tp)9 none none 82.4 2978.4 2979.9 
T 

2 1p(Tp)9 1 NH2(CH2)2NH2 70.3 3584.9 3586.5 
T 

3 2p(Tp)9 2 NH2(CH2)2NH2 69.7 3711.5 3711.6 
T 

4 3p(Tp)9 3 NH2(CH2)3NH2 74.6 4092.8 4092.2 
T 

5 (Tp)4(6p)5 6><5 NH2(CH2)2OH 72.2 5278.4 5277.3 
T 

6 12 11 X 3 none 52.6 6625.9 6621.1 

7 13 11><2, NH2(CH2)2Irn 54.1 9389.2 9385.2 
1 

8 14 6X2, NH2(CH2)2Irn 47.7 10276 10280 
11,3 

9 15 11><2, NH2(CH2)2Irn 45.2 12793b 12811 
3 

10 16 11, NH2(CH2)2Irn 25.1 c). 15463 
6 x4, 

3 

aESI MS analysis; 
bMALDI MS analysis; 
c). Failed to acquire. 

Modi?ed uridine phosphoramidite 6 contains tWo MOX 

moieties attached through a 2‘-position. It Was synthesiZed 

from 5‘-O-dimethoXytrityl-2‘-N-succinimido-2‘ 
deoXyuridine (compound 4 beloW) by opening the succini 
midic cycle With tris(2-aminoethyl)amine, capping the tWo 
introduced amino groups With dimethyl oXalate and phos 
phitilating the 3‘-hydroXyl (Scheme A). 

SchemeA 
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N/ko N/KO NHCOCOOCH 
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79%id, c 
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-continued 
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N O 
DMT_ O O NHCOCOOCH3 

(I) NHCO CONH N 

P 

NHCOCOOCH3 
6 

a: N(CHZCHZNHZ)3 
b: CH3COCOOCH3/Et3N 
0: Column chromatography 

d: NCCHZCHZ0P[N(iPr)Z]Z/Tetr 

The coupling time for phosphoramidite containing com- the MOX derivative Was coupled to trans-4 
pound 6 Was set to be 10 minutes to ensure a high yield aminocycloheXanol. Finally, the alcohol (compound 10) Was 
incorporation (Table 1, entry 5). 25 phosphitilated into branching compound 11. Being a bulky 

Fork-like compound 11 (beloW) Was synthesized in 4 molecule (FW=1106), phosphoramidite containing com 
steps from ethanolamine as it is outlined in Scheme B. pound 11 needs an extended coupling time (up to 20 

Scheme B 

7 8 9 

DMT— o \/\NHCOCONH 
NCOCONH 

/\/NHCOCONH/\I DMT—O DMT_O\/\ (I) h e NHCOCONH 

p\ % NCOCONH 
NCCH CHZO/ N(iPr)2 /\] 

2 /\/NHCOCONH 11 DMT—O 
OH 

10 

a: CH3OCOCOOCH3 
b: Crystallization 

e: Column chromatography 

f: CH3OCOCOTetr/Collidine 
g: trans-4-Aminocyclohexanol hydrochloride/DBU 
h: NCCHZCHZOP[N(iPr)Z]Z/Tetr 

315 £21331) ig?lrlé£513?a?lagglgth‘gflz)gile?ifeqgiedaigégoei minutes) and 5-ethylthio-1H-tetraZole as a catalyst to secure 
(compound 8) Was ?rst reacted With DMT-Cl to protect OH gndexcelnent lncorfpotrlamgn'kAf long dlstlance between 
group and then With diethylenetriamine to produce com- 65 y foxy groups 9 _t e or (or e_Xamp 6’ 17 atoms)’ 
pound 9_ The Secondary amino group of Compound 9 Was hoWever, alloWs ef?cient synthesis of highly branched struc 
acylated With in situ prepared methoXyoXalo tetraZolide and tures. Thus, three generations of dendrimer 12 (below) 
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proceeding from 10-mer oligothymidine may be produced in 
approximately 53% overall yield (Table 1, entry 6). 

12 

13 

14 

15 

1O 

15 

25 

45 

55 

20 
-continued 

99 
@666 

5m 

16 

Having established conditions for incorporation of novel 
phosphoramidite groups, the synthesis of some oligonucle 
otides heavily functionaliZed With histamine residues is 
described. Such oligonucleotides, may be effective arti?cial 
ribonucleases. DeoXyoligonucleotide 5‘-ATC GAA CAC 
AGG ACC T-3‘, that is a complement to the loop region of 
tRNAPhe, Was ?rst synthesiZed by means of standard solid 
phase phosphoramidite chemistry, eXcept dCBZ 
phosphoramidite Was substituted With dCAC 
phosphoramidite. This substitution prevents N4-side product 
formation during functionaliZation With histamine. The par 

ent 16-mer (above) may then be further built up With 
modifying units, such as compounds 1—3 and 6, and/or 
branching unit 11, used in different combinations. The 
prepared multiple MOX precursors may then be function 
aliZed With histamine (for eXample, by 2M solution in DMF, 
shaking for 2—6 hours at room temperature) and, ?nally, 
deprotected in a usual Way. Four synthesiZed ribonuclease 

mimics having 8 (compound 13), 12 (compound 14), 16 
(compound 15) and 24 (compound 16) histamine residues 
are schematically sketched above. The yields of the modi?ed 
oligonucleotides are shoWn in Table 1, entries 7—10. 

All synthesiZed ribonuclease mimics, indeed, shoWed 
high ef?ciency and speci?city in cleaving target tRNAPhe. 
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Scheme A 

DMT—O a b C DMT—O 
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Compound 4.) 5‘-Dimethoxytrityl-2‘-amino-2‘deoxy 
uridine (2.72 g, 5 mmole, prepared as in McGee, D. P. C.; 
Vaughn-Settle, A.; Vargeese, C.; Zhai, Y. J. Org. Chem. 
1996, 61, 781—785) Was diluted in acetonitrile (50 ml). To 
the solution collidine (3.48 ml, 20 mmole) and succinic 
anhydride (525 mg, 5.25 mmole) Were consecutively added 
With stirring. The reaction mixture Was stirred for 30 min 
and then concentrated to 25 ml. 2-(1H-BenZotriaZol-1-yl) 
1,1,3,3,-tetramrthyluronium, tetra?uoroborate, TBTU (2.41 
g, 7.5 mmole, Chem-Impex International (Wood Dale, Ill.)) 
Was added and the reaction mixture Was left at room 
temperature overnight. CHCl3 (300 ml) Was added and the 
reaction mixture Was extracted With saturated aqueous NaCl 
(300 ml). The organic phase Was dried With NaZSO4 and 
concentrated. The crude product Was column puri?ed over 
silica gel (60 A, 200 ml) using 0—10% gradient MeOH in 
CHCl3 to give compound 4 (2.92 g, 4.65 mmole, 93%) as a 
White solid. 1H-NMR (DMSO-d6) 611.34—11.43 (s, 1H, 
NH), 7.73—7.82 (d, 1H, H-6), 7.18—7.48 (m, 9H,DMT), 
6.83—6.95 (m, 4H, DMT), 6.38—6.44 (d, 1H, H-1‘), 
5.56—5.62 (d, 1H, OH-3‘), 5.48—5.56 (d, 1H, H-5), 4.63—4.75 
(q, 1H, H-2‘), 4.15—4.38 (m, 2H, H-3‘, 4‘), 3.70—3.80 (m, 6H, 
OCH3), 3.1—3.35 (m, 2H, CH2-5‘), 2.65—2.78 (s, 4H, 2CH2); 
ESI MS m/Z 627.9 (M+H+), 649.9 (M+Na+), 666.9 (M+K+). 
Compound 5.) Compound 4 (3.13 g, 5 mmole) Was taken 

into CHZCl2 (30 ml). The solution Was added to the solution 
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NHCOCOOCH3 

of tris(2-aminoethyl)amine (5.25 ml, 35 mmole) in CHZCl2 
(30 ml). The reaction mixture Was left at room temperature 
for 1.5 hrs. The reaction mixture Was precipitated into ether 
(500 ml). The precipitate Was ?ltered out and dissolved in 
MeOH (100 ml) containing triethyl amine (2.8 ml, 20 
mmole). The solution Was drop-Wise added to the stirring 
solution of methyl oxalate (2.36 g, 20 mmole) in MeOH (50 
ml) over 30 min. The reaction mixture Was concentrated to 
20 ml and ether (200 ml) Was added. The precipitate Was 
?ltered out, dissolved in CHCl3 (30 ml) and column puri?ed 
over silica gel (60 A, 200 ml) using 0—5% gradient MeOH 
in CHCl3 to give compound 5 (2.41 g, 2.55 mmole, 51%) as 
a White solid. 1H-NMR (DMSO-d6) 611.29—11.36 (s, 1H, 
NH), 8.65—8.2 (t, 2H, NHCOCO), 7.90—8.02 (d, 1H, NH-2‘), 
7.59—7.72(m, 2H, H-6+CONH), 7.18—7.48 (m, 9H,DMT), 
6.83—6.95 (m, 4H, DMT), 5.83—5.92 (d, 1H, H-1‘), 
5.63—5.72 (d, 1H, OH-3‘), 5.36—5.46 (d, 1H, H-5), 4.54—4.72 
(q, 1H, H-2‘), 4.09—4.20 (m, 2H, H-3‘), 3.97—4.08 (m, 1H, 
H-4‘), 3.70—3.83 (m, 6H, OCH3), 3.00—3.35 (m, 10H, 4CH2+ 
CH2-5‘), 2.23—2.70 (m, 10H, SCHZ); ESI MS m/Z 946.3 
(M+H+), 968.3 (M+Na+). 

Phosphoramidite 6 (extending nucleosidic 2MOX 
monomer). To alcohol 5 (1.89 g, 2 mmole) and tetraZole 
(182 mg, 2.6 mmole) CHZCl2 (50 ml) and 2-cyanoethyl 
N,N,N‘,N‘-tetraisopropylphosphoramidite (2.23 ml, 7.0 
mmole) Were added. The reaction mixture Was stirred for 4 
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hrs. CHZCl2 (50 ml) Was added and the solution Was 
extracted With saturated aqueous NaHCO3 (100 ml). The 
organic phase Was dried (Na2SO4) concentrated to dryness, 
taken into CHZCl2 (20 ml) and precipitated into hexane:ether 
(3:4, 350 ml). The crude product OWas puri?ed by ?ash 
chromatography over silica gel (60 A, 50 ml) using 5—40% 
gradient of pyridine in ethylacetate. Fractions containing the 
product Were combined and concentrated to dryness. The 
oily residue Was dissolved in CHZCl2 (20 ml) and precipi 
tated in ether (200 ml). The precipitate Was dried to give 6 
as a White solid (1.81 g, 1.58 mmole, 79%). 31P-NMR 
(CDCl3) 6145.8; 144.9; ESI MS m/Z 1145.9 (M+H+). 
OligomeriZation and DerivatiZation: (Tp)4(U2MOX'EAp)5T. 
Compound 6 (Scheme A) Was used for the synthesis of 

mixed 10-mer containing 5 thymidines and 5 modi?ed 
uridine blocks each bearing 2 MOX groups. Synthesis Was 
performed on a ABI 394 DNA synthesiZer at 1 pmole scale 
using the manufacture’s suggested protocol except coupling 
time for compound 6 Was set to be 10 min. T-amidite, T-CPG 
column and all ancillary DNA synthesis reagents Were 
purchased from Glen Research (Sterling, Va.). Compound 6 
Was used as a 0.1 M solution in acetonitrile. StepWise yields 
(trityl absorbency assay) Were 97—100%. After the solid 
phase synthesis the oligomer-derivatiZed CPG Was treated 
With ethanolamine (EA, 50 pl) for 24 hr at room tempera 
ture. The reaction mixture Was then diluted With Water to 500 

pl and desalted on Sephadex G-25 NAP-10 column 
(Pharmacia, Uppsala, SWeden). The crude 10-mer Was ana 
lyZed by capillary gel electrophoresis (CGE). According to 
CGE the yield is 72%. ESI MS spectra shoWs peaks corre 
sponding to molecular Weight 5278 D that is in accordance 
With calculated MW of 5277 D. 

Example 3 

It is knoWn that an active center of ribonuclease A, an 

enZyme that cleaves RNA, contains 2 imidaZole residues 
Which are involved in catalytic cleavage. Many attempts 
Were made to mimic ribonuclease A by introducing an 
imidaZole moiety onto oligonucleotides. Oligonucleotides 
bearing only one imidaZole moiety are not capable of 
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cleaving their target RNA. Using MOX modi?ers bearing 2 
and 4 reactive groups, the present invention provides oligo 
nucleotides containing 2 and 4 imidaZole moieties, for 
example on the 5‘-end. RNA cleaving experiments shoWed 
that an oligonucleotide With 2 imidaZoles is an effective 
ribonuclease mimic, and an oligonucleotide With 4 imida 
Zoles is substantially more effective than the one bearing 2 

imidaZoles (FIG. 1). 
Better activity for 4 imidaZole residues can be attributed 

to a higher density of functional groups and, thus, a higher 
probability that at least 2 of them Will be spaced in a Way 
alloWing cooperation of action or, in other Words, catalytic 
mode of action. 
Synthesis of Oligonucleotides 
The core deoxyoligonucleotide d(ATC GAA CAC AGG 

ACC T), Which is complementary to the loop region of 
tRNAPhe, Was synthesiZed on a ABI 394 DNA synthesiZer at 
1 pmole scale using the manufacture’s protocols. dCAC 
amidite Was used instead of dCBZ-amidite. To produce 
ribonuclease mimics, the core deoxyoligonucleotide Was 
built up With a single MOX modi?ed compound, a double 
MOX modi?ed compound (compound 2, Example 1) and 
quadruple MOX modi?ed compound (compound 3, 
Example 1). The prepared MOX precursors Were then 
functionaliZed With histamine (2 M solution in DMF, 50 pl, 
1 h, room temperature). Ethanolamine (EA, 50 pl) Was 
added and the reaction mixtures Were left for 24 hr at room 

temperature. The reaction mixtures Were then diluted With 
Water to 500 pl and desalted on Sephadex G-25 NAP-10 

column (Pharmacia, Uppsala, SWeden). For puri?cation, 
modi?ed oligonucleotides Were loaded on polyacrylamide 
gel and run for 3 hrs at 400 V. Puri?ed oligonucleotides Were 
prepared by cutting out the corresponding bands, extracting 
them With 0.25 M triethylamino bicorbonate (TEAB) for 
3—5 hrs at room temperature and desalting the oligonucle 
otide solutions on Sephadex G-25 (NAP-10 columns, 
Pharmacia). Structure of the 5‘-end of modi?ed oligonucle 
otides bearing 2 (R2) and 4 (R4) imidaZole residues is shoWn 
beloW. 
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3‘-[32P]-tRNAPh€ Was obtained according to published 
protocols. 15 pl reaction mixture contained 50 mM HEPES 
KOH pH 7.5; 10 mM MgCl2; 10% DMSO; 0.1 mM ATP; 2 
mM DTE; 100 pg/ml BSA; 160 pmol of tRNA; 200 pCi 
[32p]-pCp and 20 u T4 RNA ligase. The reaction Was 
performed overnight at 4° C. Labeled tRNA Was puri?ed by 
electrophoresis in 12% denaturing PAAG, RNA Was eluted 
from the gel by 0.5 M ammonium acetate containing 1.0 mM 
EDTA and 0.1% SDS and ethanol precipitated. 3‘-end 
labeled tRNA Was dissolved in Water and stored at —20° C. 

Speci?c activity of the obtained [32P]-tRNAPhe Was 5><105 
cpm/pmole. 
Cleavage of tRNAPhe With Oligonucleotide R2 and R4 (FIG. 
4) 

Reaction mixture (10 pl) contained 50 imidaZole buffer, 
pH 7.0, 200 mM KCl, 1 mM EDTA, 100 pg/ml total tRNA 
from Escherichia coli as carrier, 5><10_7 M 3‘-[32P]-tRNAPhe 
and oligonucleotide R2 or R4 at concentrations ranged from 
5><10_7 to 5><10_4. Reactions Were carried out at 37° C. and 
quenched by precipitation of tRNA and tRNA fragments 
With 150 pl of 2% lithium perchlorate solution in acetone. 
RNA Was collected by centrifugation and dissolved in 
loading buffer (6 M urea, 0.025% bromophenol blue, 
0.025% xylene cyanol). tRNA cleavage products Were ana 
lyZed by electrophoresis in 12% denaturing PAAG. To 
identify cleavage sites imidaZole ladder and partial RNase 
T1 digest of tRNA Were run in parallel. To obtain quanti 
tative data, gels Were dried, radioactive bands Were cut out 
of the gel and their radioactivity Was determined by Cher 
enkov’s counting. Total extent of tRNA cleavage Was deter 
mined as ratio of radioactivity measured in each tRNA 
fragment to total radioactivity applied to the gel. 

Cleavage reaction Was performed at 37° C. in 50 mM 
imidaZole buffer, pH 7.0, containing 200 mM KCl, 1 mM 
EDTA, 100 pg/ml total yeast tRNA as carrier, 5><10_7 M 
3‘-[32P]-tRNAPhe. Conjugates concentrations Were 1><10_5 
M. 

As seen in FIG. 1, the modi?ed oligonucleotide bearing 4 
imidaZole residues cleaves the target RNA in 1 hr While for 
the oligonucleotide With 2 imidaZoles it takes more than 5 
hrs to cleave the same target. 
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The yields for phosphoramidite coupling are usually in 
the range 95—99%. At 95% coupling yield the overall yield 
of 4 couplings Will be 0.95><0.95><0.95><0.95=0.81 (81%). 
Thus, if a monomer bearing 4 functional groups (for 
example, MOX) is used instead of a monomer With only 1 
such a group there Will be approximately a 14% (95—81=14) 
improvement in the overall yield in the synthesis of an 
oligonucleotide bearing 4 functional groups. The results of 
such a calculation are based on the assumption that coupling 
of both monomers are equally high. The transformation of 
MOX groups into ?nal functions in both cases should 
proceed With equal yields if the same transformation con 
ditions are used. 

Example 5 
Synthesis of Oligonucleotides Having Different Electro 
phoretic Mobility 
T7 primer, d(GTA ATA CGA CTC ACT ATA GGG), Was 

synthesiZed on aABI 394 DNA synthesiZer at 1 pmole scale 
using the manufacture’s protocols. dCAC-amidite Was used 
instead of dCBZ-amidite. The core deoxyoligonucleotide Was 
built up With a single MOX modi?er compound and a double 
MOX (compound 2, Example 1) modi?ed compound. The 
prepared MOX precursors Were then functionaliZed With 
dansyl cadaverine (DC, 0.3 M solution in DMF, 50 pl, 1 h, 
70° C.). Ethanolamine (EA, 50 pl) Was added and the 
reaction mixtures Were incubated at 70° C. for another 20 
min. The reaction mixtures Were then diluted With Water to 
500 pl and desalted on Sephadex G-25 NAP-10 column 
(Pharmacia, Uppsala, SWeden). For puri?cation, modi?ed 
oligonucleotides Were loaded on polyacrylamide gel and run 
for 3 hrs at 400 V. Puri?ed oligonucleotides Were prepared 
by cutting out the corresponding bands, extracting them With 
0.25M triethylamino bicorbonate (TEAB) for 3—5 hrs at 
room temperature, and desalting the oligonucleotide solu 
tions on Sephadex G-25 (NAP-10 columns, Pharmacia). 

Structure of the modi?ed oligonucleotides bearing 1 
(DC1mATT710) and 2 (DC2m2ATT710) DC residues is 
shoWn beloW. The oligonucleotide, DC1mAT T710, bearing 
1 DC residue has sloWer mobility compared to underivatiZed 
T7 primer. DC2m2ATT710 bearing 2 DC residues has the 
sloWest mobility. 
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Example 6 

Nonucleosidic Extending MOX Modi?er With 2 MOX 
Groups 

Compound 6 (di-MOX-di-alcohol, Scheme C, below). 
Dimethyl oxalate (9.21 g, 78 mmole) Was taken into MeOH 
(30 ml). To this solution the solution of amine 1 in MeOH 
(60 ml) and triethylamine (14 ml) Was dropWise added over 
30 min. The reaction mixture Was concentrated to 30 ml. 

Ether (150 ml) and hexane (100 ml) Were added and the 
formed emulsion Was left for separation. The supernatant 
Was removed and the oily residue Was diluted in MeOH (60 
ml). The solution Was portion-Wise added to tris(2 
aminoethyl)amine (22 ml, 150 mmole) With extensive stir 
ring. Ether (300 ml) Was added and the formed emulsion Was 
left for separation. The supernatant Was removed, the oily 
residue Was taken into MeOH (30 ml) and precipitated into 
ether (300 ml) for the second time. The oily residue Was 
diluted in MeOH (50 ml) and the solution Was drop-Wise 
added to the solution of dimethyl oxalate (21.3 g, 180 
mmole) in MeOH (30 ml) and triethylamine (17 ml). The 
reaction mixture Was concentrated to 40 ml and precipitated 
into ether (400 ml). The crude product Was column puri?ed 
over silica gel (60 A, 600 ml) using 5—15% gradient MeOH 
in CHCl3 to give 6 (25 g, 54 mmole, 90%) as a colorless 
glass. 1H-NMR (DMSO-d6) 68.68—8.80 (t, 2H, NHCOCO), 
8.55—8.68 (t, 1H, NHCOCO), 8.35—8.42 (t, 1H,COCONH), 
4.86—4.92 (d, 1H, OH), 4.58—4.68 (t, 1H, OH), 3.73—3.82 
(s+m, 7H, COCOOCH3+CH), 3.02—3.64 (m, 10H, 5CH2), 
2.50—2.68 (t, 6H, 3CH2); ESI MS m/Z 463.9 (M+H+), 485.9 
(M+Na+), 501.9 (M+K+). 

Scheme C 

CH3OCOCONH 

OH 
4 

l 

N N 

NHCOCONH/\/ <_ HO/\(\ NHCOCONH/V 
OH 
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-continued 
CH3OCOCONH 

DMT—O 

OH 

CH3OCOCONH 

Compound 7 (Scheme C). Diol 6 (9.26 g, 20 mmole) Was 
co-evaporated With pyridine and diluted in anhydrous pyri 
dine (50 ml). DMTCl (8.47 g, 25 mmole) Was added and the 
reaction mixture Was left overnight. CHCl3 (300 ml) Was 
addded and the solution Was extracted With saturated aque 

N 

NHCOCONH/\/ j —> DMT—O 

CH3OCOCONH 

N N NHCOCONH j 
| CH3OCOCONH 
P \ NCCHZCHZO/ N(iPr)2 

s 

15 394 DNA synthesizer at 1 pmole scale using the manufac 
turer’s suggested protocol. T-amidite, T-CPG column and all 
ancillary DNA synthesis reagents Were purchased from Glen 
Research (Sterling, Va.). Compound 8 Was used as a 0.1 M 
solution in acetonitrile. StepWise yields (trityl absorbency 

Ous NaHCO3 (300 ml) The Organic Phase Was dried 2O assay) Were 92.4—100%. After the solid phase synthesis the 
(Nazsoll) Concentrated to dry¥1§SS>takeninEO CHCIB (50 oligomer-derivatiZed CPG Was treated With ethanolamine 
and chromfltograghed (We? slhca gel A’ 900 m1) usmg (EA, 50 pl) for 1 hr at room temperature. The reaction 
0_5% gradlent of MeOH.m CH.C13 5O glve 7 (8'57 g’ 11'2 mixture Was then diluted With Water to 500 pl and desalted 
gn8m;)(1)e’8 5866700 252% W121; 25 on Sephadex G-25 NAP-10 column (Pharmacia, Uppsala, 
NHCOCO), 8.26—8.38 (t, 1H,COCONH), 7.18—7.45 (m, 9H, The- “??? ls'gller gas analyzed by Caplnary gel 

p ores1s. e pro e s oWs tWo ma]or peaks WhlCh 
DMT)’ 6'82_6'95 (d’ 4H’ DMT)’ 5'08_5'13 (d’ 1H’ OH)’ are attributed to the desired 15-mer (all 10 MOX groups are 

CS’) 123 derivatiZed With EA) and partly hydrolyZed one (1—3 MOX 
’ ’ 2" _' ’ ’+ 2" _' + ’ ’ rousarehdrolZedtocarboxl rous.ESIMSsectra 

3CH2); ESI MS m/Z 766'3 (Ml-H )’ 7883 (Ml-Na 3O ghovfs peaksycorrgsponding to nilolgculfr zveigh 7295pD, in 
Compound 8 (Scheme C). To alcohol 7 (2.3 g, 3 mmole) accordance With Calculated MW of 7288 D‘ 

and tetraZole (190 mg, 2.71 mmol) CH2Cl2 (40 ml) and 
2-cyanoethyl N,N,N‘,N‘-tetraisopropylphosphoramidite Exam 1e 7 
(1.43 ml, 4.5 mmol) Were added. The reaction mixture Was _ _ p_ 
stirred for 3 hrs. CHCl3 (200 ml) Was addded and the 35 Non'nucleosldlc Compound Wlth 6 MOX Groups 
solution Was extracted With saturated aqueous NaHCO3 (200 Compound 1 (beloW). The solution of tris(2-aminoethyl) 
ml). The organic phase Was dried (Na2SO4) concentrated to amine (150 pl, 1 mmole) in MeOH (1 ml) Was drop-Wise 
dryness, taken into CH2Cl2 (20 ml) and precipitated into added to the solution of dimethyl oxalate (1.06 g, 9 mmole) 
hexane (200 ml). The crude product Was puri?ed by ?ash in MeOH (1 ml) and triethylamine (560 pl) over 30 min. 
chromatography (2% triethylamine in ethylacetate) to give 8 4O Ether (10 ml) Was to incur the precipitation. The supernatant 
as a White solid (1.63 g, 1.69 mmol, 56%). 31P-NMR Was removed, the residue Was taken into MeOH (1 ml) and 
(CDCl3) 6148.7; 148.8; ESI MS m/Z 965.9 (M+H+), 1067 precipitated into ether (10 ml). The precipitate Was dried to 
(M+Et3NH+). give 1 as a White solid (182 mg, 0.45 mmole, 45%). 
OligomeriZation and DerivatiZation: (2MOXEAp)1O(Tp)4T. 1H-NMR (DMSO-d6) 68.62—8.78 (t, 3H, NHCOCO), 
Compound 8 Was used for the synthesis of mixed 15-mer 45 3.72—3.83 (s, 9H, COCOOCH3), 3.10—3.29 (q, 6H, 3CH2), 

containing 5 thymidines and 10 non-nucleosidic blocks each 2.52—2.66 (t, 6H, 3CH2); ESI MS m/Z 404.9 (M+H+), 426.8 
bearing 2 MOX groups. Synthesis Was performed on an ABI (M+Na+), Rf=0.72 (CH3Cl:MeOH=9:1). 

NHCOCOOCH3 

CH OCOCONH 
3 \/\N 

CH3OCOCONH 
1 
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NHCOCOOCH3 CH3OCOCONH 

N 

NHCOCONH 

NHCOCONH 
CH3OCOCONH \/\ N 

NHCOCONH 

32 

NHCOCOOCH 
N /\/ 3 

N 

I \/\ NHCOCOOCH3 
CH3OCOCONH 

2 

Compound 2 (6MOX). Compound 1 (40 mg, 0.1 mmole) 
Was dissolved in MeOH (100 pl). The solution Was added to 
tris(2-aminoethyl)amine (225 pl, 1.5 mmole) With stirring. 
The reaction mixture Was left for 3 hrs at room temperature. 

Ether (8 ml) Was added to incur precipitation. The superna 
tant Was removed, the residue Was dissolved in MeOH (1 
ml). The precipitation Was repeated 2 more times. The 
residue Was dissolved in MeOH (1 ml) and the solution Was 
drop-Wise added to the solution of dimethyl oXalate (354 
mg, 3 mmole) in MeOH (500 pl) and triethylamine (168 pl). 
The reaction miXture Was left overnight. Ether (8 ml) Was 
added to incur precipitation. The supernatant Was removed, 
the residue Was dissolved in MeOH (1 ml) and puri?ed by 
preparative TLC (Silica gel 60, 2 mm thick) to give com 
pound 2 as a White solid (13 mg, 0.01 mmole, 10%). E51 MS 

m/Z 1263 (M+H+), Rf=0.27 (CH3Cl:MeOH=9:1). 
What is claimed is: 
1. A monomeric compound of formula (I) or of a salt of 

a compound of said formula (I): 

Wherein A represents an organic moiety selected from the 
group consisting of a substituted or unsubstituted alkane 
having from 3 to 100 carbon atoms, a substituted or unsub 
stituted cycloalkane having from 3 to 12 carbon atoms, and 
a substituted or unsubstituted heterocyclic compound having 
from 3 to 20 carbon atoms; n is at least 2; and each X is 
independently selected from the group consisting of: 
—NRCOCONu, —NHCOCRZCRZCONu, 
—NHCOCR=CRCONu, —NHCOSSCONu, 
—NRCOCOOCR3, 

R R 
R 

—N > —N and 

R 
R R 

O O 
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-continued 

Wherein Nu represents a nucleophile, each R independently 
represents H or a substituted or unsubstituted alkyl group, 
and Where X is 

O O 

WW 
OT 

O O 

then at least one R is a substituted or unsubstituted alkyl 
group. 

2. The monomeric compound of claim 1, Wherein said 
organic moiety is substituted With at least one substituent 
selected from the group consisting of a hydroXy group and 
a protected hydroXy group. 

3. The monomeric compound of claim 1, Wherein said 
organic moiety contains a single nucleoside or nucleotide. 

4. The monomeric compound of claim 1, Wherein said 
organic moiety is substituted With a phosphoramidite group. 

5. The monomeric compound of claim 4, Wherein said 
phosphoramidite group is attached to said organic moiety at 
a secondary carbon. 

6. The monomeric compound of claim 1, Wherein the 
nucleophile is selected from the group consisting of —O‘, 
an amino group, a primary amino group and a secondary 
amino group. 

7. The monomeric compound of claim 1, Wherein said 
organic moiety is substituted With at least tWo substituents 
selected from the group consisting of hydroXy groups and 
protected hydroXy groups. 

8. The monomeric compound of claim 1, Wherein said 
compound is joined through a phosphodiester linkage to a 
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monomer, Which may be the same or different, to form an 
oligomer, oligonucleotide, polymer or polynucleotide. 

9. The monomeric compound of claim 8, Wherein said 
phosphodiester linkage is at a secondary or tertiary carbon of 
said monomeric compound. 

10. The monomeric compound of claim 1, Wherein n is at 
least 3. 

11. The monomeric compound of claim 1, Wherein n is 4. 

12. The monomeric compound of claim 1, Wherein n is 6. 

13. The monomeric compound of claim 1, Wherein n is 8. 

14. A method for forming a monomeric compound 
according to claim 1, comprising: 

reacting a ?rst compound containing at least tWo primary 
or secondary amino groups With at least a second and 
third compound, said second compound containing a 
second moiety and said third compound containing a 
third moiety, said second and third moiety each inde 
pendently selected from the group consisting of: 
—COCOOCR3, —COCR2CR2CO—, 
—COCR=CRCO— and —COSSCO— to form a 
fourth compound containing at least a fourth and ?fth 
moiety, each selected from the group consisting of: 
—NRCOCOOCR3, 

O O 

R R 
R 

—N > —N and 

R 
R R 

O O 
O 

5 

wherein each R independently represents H or a sub 
stituted or unsubstituted alkyl group. 

15. A method for forming a compound of formula (I) or 
a salt of said compound of formula (I): 

A—X” (I) 

Wherein A represents an organic moiety, n is at least 2, and 
each X is independently selected from the group consisting 
of: —NRCOCONu, —NHCOCRZCRZCONu, 
—NHCOCR=CRCONu, —NHCOSSCONu, 
—NRCOCOOCR3, 

O O 

R R 
R 

—N > —N and 

R 
R R 
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-continued 

Wherein each R independently represents H or a substituted 
or unsubstituted alkyl group, and Nu represents a 
nucleophile, said method comprising: 

reacting, by nucleophilic addition, a ?rst compound con 
taining a ?rst moiety selected from the group consisting 
of: —NRCOCOOCR3, 

and 

Wherein each R independently represents H or a sub 
stituted or unsubstituted alkyl group, With a second 
compound (HNu) containing at least three primary or 
secondary amino groups to form a third compound 
containing a second moiety selected from the group 
consisting of: —NRCOCONu, 
—NHCOCRZCRZCONu, —NHCOCR=CRCONu, 
and —NHCOSSCONu, Wherein each R independently 
represents H or a substituted or unsubstituted alkyl 
group, Wherein one of said at least three primary or 
secondary amino groups of said second compound acts 
as a nucleophile in said nucleophilic addition, leaving 
at least tWo unreacted primary or secondary amino 
groups in said second moiety; and 

reacting said third compound With at least tWo 
compounds, Which may be the same or different, each 
containing a third moiety independently selected from 
the group consisting of: —COCOOCR3, 
—COCR2CR2CO—, —COCR=CRCO— and 
—COSSCO—, Wherein each of said at least tWo com 
pounds reacts With one of said at least tWo unreacted 
primary or secondary amino groups to form a com 
pound containing at least tWo moieties independently 
selected from the group consisting of: 
—NRCOCOOCR3, 

O O 

R R 
R 

—N > —N and 

R 
R R 

O O 
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wherein each R independently represents H or a sub 
stituted or unsubstituted alkyl group. 

16. The method of claim 15, further comprising reacting 
said compound containing at least tWo moieties With at least 
one monomer to form an oligomer or polymer. 

17. The method of claim 15, further comprising phosphi 
tilating said compound containing at least tWo moieties at a 
secondary or tertiary hydroXy group of said compound 
containing at least tWo moieties to form a phosphitilated 
compound containing said at least tWo moieties. 

18. The method of claim 17, further comprising reacting 
said phosphitilated compound With at least one additional 
organic compound to form an oligomer or polymer that 
contains said at least tWo moieties. 

19. The method according to claim 18, further comprising 
reacting a protonated nucleophile (HNu) With each of said at 
least tWo moieties of said oligomer or polymer to form a 
moieties selected from the group consisting of: 

—NRCOCONu, —NHCOCRZCRZCONu, 
—NHCOCR=CRCONu and —NHCOSSCONu. 

20. The method according to claim 17, Wherein the 
phosphitilated compound is reacted With at least one addi 
tional compound by phosphoramidite method. 

21. The method according to claim 17, Wherein said 
phosphitilated compound is reacted With at least one nucleo 
side or nucleotide to form said oligomer or polymer. 

22. The method according to claim 17, Wherein said third 
compound is phosphitilated at a secondary hydroXy group. 

23. The method according to claim 15, Wherein at least 
one of said at least three primary or secondary amino groups 
is a primary amino group. 

24. A monomeric compound of formula (II) or of a salt of 
a compound of said formula (II): 

(11) 
YO B 

YO 

Wherein each Y independently represents H, a group that 
protects a hydroXy group, a phosphorus containing group, a 
group reactive to link hydroXy groups, or a phosphodiester 
linkage to another compound, B is a nitrogenous base, and 
R‘ is an organic group that contains at least tWo functional 
groups independently selected from the group consisting of: 
—NRCOCONu, —NHCOCRZCRZCONu, 
—NHCOCR=CRCONu, —NHCOSSCONu, 
—NRCOCOOCR3, 

1O 
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R 
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wherein each R independently represents H or a substituted 
or unsubstituted alkyl group, and Nu represents a nucleo 
phile. 

25. The monomeric compound of claim 24, Wherein said 
phosphorus containing group is (PO3)m_2. 

26. The monomeric compound of claim 24, Wherein the 
nucleophile is selected from the group consisting of —O‘, 
an amino group, a primary amino group and a secondary 
amino group. 

27. The monomeric compound of claim 24, Wherein n is 
at least 3. 

28. The monomeric compound of claim 24, Wherein n is 
4. 

29. The monomeric compound of claim 24, Wherein n is 
6. 

30. The monomeric compound of claim 24, Wherein n is 
8. 

31. The method of claim 15, wherein said ?rst compound 
is a nucleoside or nucleotide that has been modi?ed to 
contain said ?rst moiety. 

32. The method of claim 15, Wherein said ?rst compound 
is a compound of formula (II): 

(11) 

wherein each Y independently represents H or a group that 
protects a hydroXy group, B is a nitrogenous base, and R‘ is 
selected from the group consisting of: —NRCOCOOCR3, 

and 

Wherein each R independently represents H or a substituted 
or unsubstituted alkyl group. 




